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[57] ABSTRACT

A polymer-modified polyol dispersion comprises a
polyaddition product dispersed in a polyol. The polyad-
dition product is present in an amount of from about 25
to about 70 percent by weight based on the total weight
of the polyaddition product and the polyol. The disper-
sion has a viscosity in the range of from about 4,000 to
about 50,000 mPa.s, the viscosity remaining substan-
tially the same after production of the dispersion. A
process for producing the polymer-modified polyol
dispersion is also disclosed together with a process for
using the dispersion to produce a polyurethane foam.

39 Claims, 3 Drawing Sheets
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POLYMER-MODIFIED POLYOL DISPERSIONS
AND PROCESSES FOR PRODUCTION AND USE
THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to polymer-modified
polyol dispersions and to processes for production
thereof, and use thereof to produce polyurethane foams.
More particularly, the present invention relates to
polymer-modified polyol dispersions having a combina-
tion of high solids content and improved stability.

2. Description of the Prior Art

Polymer-modified polyol dispersions are known and,
in the context of dispersions used to make polyurethane
foam, are often referred to as PIPA (Polylsocyanate
PolyAddition) polyols. These terms will be used inter-
changeably throughout this specification.

A useful background discussion on PIPA polyols
may be found in “PIPA-Process For The Future™;
Picken, K., Urethanes Technology, June 1984, pg. 23-24,
the contents of which are incorporated herein by refer-
ence. PIPA polyol is a dispersion in which the polyol
acts as a substantially inert carrier for PIPA particles.
The PIPA particles are formed by the reaction of an
isocyanate and a trifunctional alkanolamine, optionally
in the presence of an organotin catalyst. The reaction
product is an array of alkanolamine and isocyanate
groups having pendant hydroxyl groups for further
reaction.

One of the earliest patents relating to the production
of PIPA polyols is U.S. Pat. No. 4,374,209 (Rowlands),
the contents of which are incorporated herein by refer-
ence. Rowlands discloses the production of PIPA poly-
ols by polymerizing an olamine with an organic polyiso-
cyanate in the presence of a polyol. The olamine 1s
described as an organic compound having one or more
hydroxyl groups and also one or more amine groups.
The olamine reacts at least predominantly polyfunction-
ally with the isocyanate. The polyol functions as a sub-
stantially inert carrier for the PIPA product. Rowlands
purports to be able to produce a PIPA polyol having a
solids content of from 1% to 35% by weight based on
the weight of the polyol. It is noteworthy that Row-
lands exemplifies PIPA polyols having a solids content
of up to 20% by weight with the product at upper himit

described as having ‘“‘an acceptable viscosity™.
- U.S. Pat. No. 4,293,470 (Cuscurida), the contents of
which are incorporated herein by reference, discloses a

polyurea polyol with purportedly improved storage
stability. Specifically, the subject polyurea polyol is
produced by reacting a hydroxyl-containing amine, a
polyether polyol and an organic polyisocyanate. The
reaction product is then quenched with a secondary
amine. In the Examples provided in Cuscurida, quench-
ing of the reaction product was effected two to three
hours after initiation of the reaction. U.S. Pat. No.
4,452,923 (Carroll et al.), the contents of which are
incorporated herein by reference, discloses polymer-
modified polyols. Specifically, there is disclosed a high
strength polymer-modified polyol comprising a polyol
and from about 40% to about 80% by weight of the
reaction product of a polyisocyanate and a tertiary-N-
polyolanine, based on the combined weight of the
polyol and the reaction product. The tertiary-N-polyol
is described as an organic compound having two or
more hydroxyl groups and one or more tertiary amine
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groups. The use of a catalyst in the reaction is optional.
It is apparent from the Examples that the proportion of
the polyisocyanate and polyolamine in the reaction 1s
important for achieving the purported advantages of
the invention. Specifically, it is disclosed that the reac-
tion is conducted such that the ratio of isocyanate
groups to hydroxyl groups provided by the polyola-
mine is from 0.33:1 to 1:1. Indeed, Example 1 1illustrates
the importance of observing this ratio to avoid produc-
tion of a low strength polyol (solids content of 10% by
weight). It is also noteworthy that, beyond providing an
indication of solids content, the high strength polyol is
not isolated for complete analysis nor is there any indi-
cation provided of its viscosity. Indeed, one of the defi-
ciencies of Carroll et al, is that the high strength polym-
er-modified polyol must be diluted immediately after
production to prevent gelling thereof. |

Heretofore, prior art PIPA polyols have suffered
from being relatively unstable, notwithstanding the fact
that much of this prior art purports to provide a polyol
having a relatively high solids content (e.g. 25% or
higher). The problem stems from the fact that 1t 1s very
difficult to produce such a high solids content polyol
which does not have to be diluted immediately after
production to prevent gelling thereof. Indeed, to the
inventors’ knowledge, there is currently no commer-
cially available polymer-modified polyol having a high
solids content (e.g. greater than 20% by-weight solids).

In light of the foregoing it would be desirable to have
a polymer-modified polyol dispersion having a high
solids content, a viscosity substantially below the gel-
ling point and post-production stability as a function of
little or no increase in the viscosity of the polyol disper-
sion. Numerous advantages would accrue from the
provision of such a polymer-modified polyol dispersion.
The major advantage would be that the high solids
polymer-modified polyol dispersion could be produced
in one site and safely shipped to the user at another site
without dilution. This would result in an enormous
savings in shipping costs since a larger volume of solids
could be shipped at one time.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
novel polymer-modified polyol dispersion which obwvi-
ates or mitigates at least one of the foregoing deficien-
cies of the prior art.

It is another object of the present invention to pro-
vide a novel process for producing a polymer-modified
polyol .dispersion.

It is yet another object of the present invention .to
provide a novel process for producing polyurethane
foam.

Accordingly, in one of its aspects, the present inven-
tion provides a polymer-modified polyol dispersion
comprising a polyaddition product dispersed in a
polyol, the polyaddition product being present in an
amount of from about 25 to about 70 percent by weight.
based on the total weight of the polyaddition product
and the polyol, the dispersion having a viscosity in the
range of from about 4,000 to about 50,000 mPa.s, the
viscosity remaining substantially the same after produc-
tion of the polymer-modified polyol dispersion.

In another of its aspects, the present invention pro-
vides a process for producing a polymer-modified
polyol dispersion comprising the steps of:
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(i) reacting an 1socyanate and a first olamine in the
presence of a substantially inert polyol to produce a
reaction mixture; and |

(ii) adding a second olamine which may be the same
as or different from the first olamine to the reaction
mixture prior to completion of the reaction between the
isocyanate and the first olamine to produce the polym-
er-modified polyol dispersion. |

In another of its aspects, the present invention pro-
vides a process for producing a polyurethane compris-
ing the step of reacting a polymer-modified polyol dis-
persion, a catalyst and an isocyanate;

wherein the polymer-modified polyol dispersion
comprises a polyaddition product dispersed in a polyol,
the polyaddition product being present in an amount of
from about 25 to about 70 percent by weight based on
the total weight of the polyaddition product and the
polyol, the dispersion having a viscosity in the range of
from about 4,000 to about 50,000 mPa.s, the viscosity
remaining substantially the same after production of the
polymer-modified polyol dispersion.

Although not wishing to be bound by any theory or
mode of action, it is believed that post-production gel-
ling and the consequent dramatic increase in viscosity
of prior art polymer-modified polyols is the result of
excessive crosslinking between the polymer particles
(PIPA) and the polyol carrier. As the reaction between
the isocyanate and the olamine in the polyol medium
concludes, the viscosity of the reaction mixture in-
creases. The increase in viscosity 1s greater than that
which would be expected from the simple addition of
solids into a medium and is attributable to a limited
amount of crosslinking which occurs between the PIPA
particles and the polyol carrier.

This crosslinking is believed to be the result of com-
petitive reactions between (1) the isocyanate and the
olamine, and (i) the isocyanate and the polyol carrier
(1.e. to produce a polyurethane). More of reaction (i1)
can be considered as an increase in the amount of cross-
linking resulting in an increase in the viscosity of the
mixture which, at high solids content levels, leads to
gelling of the mixture. Excessive crosslinking can occur
as a result of one or more of the following:

1. Use of a too highly reactive polyol (e.g. polyols
with a pnmary hydroxyl content of greater than
90%). |

2. Use of large amounts of isocyanate (e.g. isocyanate
to olamine ratio of 1:1). |

3. Use of a formulation chosen to produce a high
solids content dispersion (e.g. greater than 20%
solids).

Thus, in order to achieve a high solids content, low
viscosity PIPA polyol dispersion, the reaction between
the 1socyanate and the polyol (i.e. reaction (11)) must be
limited to some degree. It is important to note that
reaction (ii) should not be completely eliminated since
this will result in an unstable dispersion. If indeed reac-
tion (ii) is eliminated, the solids are not part of the
polyol matrix at all, the particles are then only tempo-
rarily suspended in the polyol medium and therefore
would settle over time.

The present inventors have discovered that, in a mix-
ture comprising an isocyanate, an olamine and a polyol,
reaction between the isocyanate and the olamine occurs
initially and preferentially. During this period, as the
active sites on the olamine become consumed, the reac-
tion subsides significantly to the point where it ceases
due to the remaining active site on the olamine being
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sterically hindered from further reaction with the 1socy-
anate. At this point, reaction between the 1socyanate
and the polyol becomes preferred and the result is that
the viscosity of the mixture begins to increase dramati-
cally.

The present inventors have further discovered that
subsequent, discrete addition of a second olamine (the
same as or different from the olamine originally used)
prior to completion of the reaction between the isocya-

nate and the original olamine allows unreacted 1socya-
nate to form PIPA particles preferentially over reaction
with the polyol carrier. In other words, provision of the

second olamine in accordance with the present inven-
tion will result in use of the isocyanate in the formation
of PIPA particles and effective blocking of polyol inter-
action. This allows control over the viscosity of the
resultant PIPA dispersion. Indeed, the polymer-modi-
fied polyol dispersion of the present invention exhibits
surprising and unexpected stability (i.e. little or no in-
crease in viscosity over time) which, heretofore, has not
been achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be de-
scribed with reference to the accompanying drawings,
in which:

FIG. 1is a schematic illustration of a mode of practic-
ing the process of the present invention;

FI1G. 2 is a graphical illustration of the effect of vis-
cosity versus solids content of a polymer-modified
polyol dispersion; and

FIG. 3 is a graphical illustration of the stability of
various polymer-modified polyol dispersions as a func-
tion of viscosity.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

- The present invention is based on the surprising and
unexpected discovery that a polymer-modified polyol
dispersion having a combination of relatively high
solids content and long term stability may be obtained if
a first olamine is used initially in the reaction and, in a
controlled manner, a second olamine is added to the
reaction mixture thereafter.

The polymer-modified polyol dispersion of the pres-
ent invention may be obtained by reacting an isocyanate
and a first olamine in the presence of a substantially
inert polyol to produce a reaction mixture. A second
olamine, which may be the same as or different from the
first olamine, is added to the reaction mixture prior to
completion of the reaction between the isocyanate and
the first olamine to produce the polymer-modified
polyol dispersion. The so-produced dispersion will usu-
ally possess a relatively high solids content and may be
used directly or diluted prior to use, depending on the
intended application for the dispersion. If the dispersion
is to be used directly, care should be exercised to cool
the dispersion to a temperature which minimizes or
eliminates the occurrence of volatilization of any cata-
lysts or blowing agents (if present) added to the disper-
sion for use in producing the polyurethane. Typically,
this translates into cooling the dispersion to a post-pro-
duction temperature in the range of from about 10° to
about 50° C., preferably in the range of from about 15°
to about 45° C., most preferably 1n the range of from
about 20° to about 30° C.

it is a key aspect of the present invention to add the
second olamine in a controlled manner after the first
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olamine and isocyanate have been combined to form a
reaction mixture. Generally, the second olamine should
be added to the so-formed reaction mixture prior to
completion of the reaction between the isocyanate and
the first olamine. In practice, suitable results may be
obtained by adding the second olamine in the range of
from about 1 to about 90 seconds after formation of the
reaction mixture. If the second olamine is added less
than about 1 second after formation of the reaction
mixture, there will not be sufficient time for the initial
reaction between the first olamine and isocyanate to
occur resulting in an unstable dispersion. If the second
olamine is added more than about 90 seconds after for-
mation of the reaction mixture, the initial reaction be-
tween the first olamine and the isocyanate will have
proceeded too far and the benefits of adding the second
olamine will be substantially lost. Preferably, the second
olamine is added in the range of from about 1 to about
45 seconds, most preferably in the range of from about
3 to about 15 seconds, after formation of the reaction
mixture.

The isocyanate suitable for use in the process is not
particularly restricted and the choice thereof is within
the purview of a person skilled in the art. See for exam-
ple British Pat. No. 1,453,258, the contents of which are
incorporated herein by reference. Non-limiting exam-
ples of suitable isocyanates include: 1,6-hexamethylene
diisocyanate, 1,4-butylene diisocyanate, furfurylidene
diisocyanate, 2,4-toluene diisocyanate, 2,6-toluene di-
isocyanate, 2,4'-diphenylmethane diisocyanate, 4,4-
diphenylmethane diisocyanate, 4,4'-diphenylpropane
diisocyanate, 4,4'-diphenyl-3,3'-dimethy]l methane diso-
cyanate, 1,5-naphthalene diisocyanate, 1-methyl-2,4-
diisocyanate-5-chlorobenzene, 2,4-diisocyanato-s-tria-
zine, l-methyl-2,4-diisocyanato cyclohexane, p-pheny-
lene diisocyanate, m-phenylene diisocyanate, 1,4-naph-
thalene diisocyanate, dianisidine diisocyanate, bitoly-
lene diisocyanate, 1,4-xylylene diisocyanate, 1,3-xyly-
lene diisocyanate, bis-(4-isocyanatophenyl)methane,
bis-(3-methyl-4-isocyanatophenyl)methane, polymeth-
ylene polyphenyl polyisocyanates and mixtures thereof.
A more preferred isocyanate is selected from the group
comprising 2,4-toluene diisocyanate, 2,6-toluene diiso-
cyanate and mixtures thereof, for example, a mixture
comprising from about 75 to about 85 percent by weight
2,4-toluene diisocyanate and from about 15 to about 25
percent by weight 2,6-toluene diisocyanate. Another
more preferred isocyanate is selected from the group
comprising 2,4'-diphenylmethane diisocyanate, 4,4'-
diphenylmethane diisocyanate and mixtures thereof.
The most preferred isocyanate is a mixture comprising
from about 15 to about 25 percent by weight 2,4'-
diphenylmethane diisocyanate and from about 75 to
about 85 percent by weight 4,4'-diphenylmethane duso-
cyanate. Such an isocyanate is commercially available
from Imperial Chemical Industries under the tradename
Rubinate M and from The Dow Chemical Company
under the tradename PAPI 4027.

The olamine (first or second) suitable for use herein 1s
not particularly restricted and the choice thereof is
within the purview of a person skilled in the art. The
first olamine and the second olamine may be the same or
different. Preferably, the first olamine and the second
olamine are different.

Preferably, the olamine (first or second) is selected
from the group comprising primary, secondary and
tertiary alkanolamines. This group includes nitrogen-
containing species having at least one active hydrogen.
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Non-limiting examples of suitable alkanolamines in-

clude monoethanolamine, diethanolamine, dimethyle-

thanolamine, triethanolanine, N-methylethanolamine,
N-ethylethanolamine, N-butylethanolamine, N-methyl-
diethanolamine, N-ethyldiethanolamine, N-butyidie-
thanolamine, monoisopropanolamine, diisopropanol-
amine, triisopropanolamine, N-methylisopropanola-
mine, N-ethylisopropanolamine, N-propylisopropanola-
mine and mixtures thereof. The preferred alkanolamine
is selected from the group comprising diethanolamine,
triethanolamine and mixtures thereof. The most pre-
ferred first olamine for use in the present process is
triethanolamine and the most preferred second olamine
for use in the present process is diethanolamine.

The polyol suitable for use in the process is not partic-
ularly restricted provided that it is substantially inert
during the reaction between the isocyanate and the first
olamine. The choice of polyol is within the purview of
a person skilled in the art. See for example British Pat.
No. 1,482,213, the contents of which are incorporated
herein by reference. Non-limiting examples of suitable
polyols include: adipic acid-ethylene glycol polyester,
poly(butylene glycol), poly(propylene glycol) and hy-
droxyl-terminated polybutadiene. The preferred polyol
is a polyether polyol, preferably having a molecular
weight in the range of from about 200 to about 10,000.

In the initial step of the present process the 1socyanate
and the first olamine are used in amounts such that the
ratio of isocyanate groups (NCO) provided by the 1so-
cyanate to the hydroxyl groups (OH) provided by the
first olamine is preferably in the range of from about
0.33:1 to about 1:1, more preferably in the range of from
about 0.66:1 to about 0.9:1, most preferably in the range
of from about 0.66:1 to about 0.8:1. In the second step of
the present process, the second olamine is added in an
amount preferably in the range of from about 0.5 to
about 10, more preferably in the range of from about 1
to about 5, most preferably in the range of from about 2
to about 4, percent by weight based on the weight of the
mixture produced in the initial step in the process.

If necessary the reaction between the isocyanate and
the first olamine may be conducted in the presence of a
catalyst. Catalysts for this purpose are known and the
choice thereof is within the purview of a person skilled
in the art. Non-limiting examples of suitable catalysts
include stannous octoate, dibutyl-tin dilaurate, triethyl-
enediamine and mixtures thereof. The preferred catalyst
is dibutyl-tin dilaurate which is used in an amount in the
range of up to about 1, more preferably up to about 0.1,
most preferably in the range of from about 0.01 to about
0.05, percent by weight of the isocyanate and first ola-
mine reactants in the initial step of the process. As will
be appreciated by the those of skill in the art, the need
for such a catalyst and type and quantity used thereof 1s
usually dictated by the reactivity of the initial reactants
as compared to the inert polyol carrier. The higher the
relative reactivity of the inert polyol carrier, the greater
the need for a catalyst to preferentially drive the reac-
tion between the isocyanate and the first olamine.

The mode of mixing and the order of addition of the
reactants in the present process may be accomplished
using conventional techniques known to those of skill in
the art. For example, the process may be a batch pro-
cess wherein the first olamine 1s dispersed in the polyol
and the polyisocyanate is added followed by controlled
addition of the second olamine. Alternatively, a similar
sequence of addition can be used in an in-line blending
technique comprising the use of a polyurethane mix-
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head for producing a foam product. Such techniques
are discussed in more detail in U.S. Pat. No. 4,374,209,
incorporated by reference hereinabove. |

Polymer-modified polyol dispersions produced in
accordance with an aspect of the present process pos-
sess a desirable combination of properties. Specifically,
the dispersions comprise a polyaddition product 1n an
amount of from about 25 to about 70, more preferably

from about 25 to about 50, most preferably from about
30 to about 40, percent by weight based on the total

weight of the polyaddition product and the polyol. It
should be understood that the term “polyaddition prod-
uct”, as used throughout this specification, is intended
to encompass the reaction product of an isocyanate and
an olamine.

Further, the dispersions have a viscosity in the range
of from about 4,000 to about 50,000 mPa.s, preferably
from about 4,000 to about 40,000 mPa.s, the viscosity
remaining substantially the same, preferably varying by
less than about 10%, more preferably varying by less
than about 5%, after production of the polymer-modi-
fied polyol. As is known in the art, immediately after
production of a polymer-modified polyol dispersion, it
is typical for the temperature thereof to equilibrate. In
practice, this translates into a period of up to about 2
minutes immediately after production of the dispersion.
In the present polymer-modified polyol dispersion, the
viscosity thereof remains substantially the same for the
period after temperature equilibration. In contrast, in
prior art polymer-modified polyol dispersions, the vis-
cosity increases even after post-production temperature
equilibration (for example, 10 minutes after production
and thereafter).

The present polymer-modified polyol dispersion hav-
ing a solids content of from about 25% to about 70% by
weight may be used as is or diluted with more polyol to
a solids content of from about 1% to about 20% by
weight. One of the advantages accruing from the pres-
ent polymer-modified polyol dispersion is that it 1s suffi-
ciently stable to be produced in one site and shipped to
another site for dilution (optional) and subsequent use to
produce High Resiliency (HR) foams. Accordingly, a
preferred aspect of the process to produce the present
polymer-modified polyol dispersion includes the further
step of diluting the polymer-modified polyol dispersion
to produce a diluted dispersion having a solids content
of less than about 15%, more preferably in the range of
from about 1% to about 15%, most preferably in the
range of from about 5% to about 15%, by weight of the
dispersion.

‘"The present polymer-modified polyol dispersions are
useful in the production of HR polyurethane foams. HR
polyurethane foams are particularly advantageous in
the production of padded elements such as cushions for
seat systems and the like.

In producing HR polyurethane foam from the pres-
ent polymer-modified polyol dispersions, conventional
additives used in the art may be added to the polymer-
modified polyol dispersions. Non-limiting examples of
such additives include activators, stabilizers (e.g. polysi-
Joxane-polyalkylene oxide block copolymers), cross-
linking or chain lengthening agents (e.g. low molecular
weight diols, triols and diamines such as diethanol-
amine, triethanolamine, ethylene glycol, glycerol, di-
propylene glycol and phenylene diamine), blowing
agents (e.g. water), flame-proofing agents (e.g. haloge-
nated alkyl phosphates), fillers (e.g. barium sulfate) and
pigment pastes. It will be appreciated by those of skill in
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the art that certain of these additives (e.g. any non-reac-
tive species of flame retardants, pigments, etc.) may be
added to the dispersion during production thereof while
others (e.g. blowing agents, crosslinking agents, etc.)
are added to the dispersion just prior to production of
the IIR polyurethane foam.

When it is desired to produce the HR polyurethane
foam, an isocyanate, a catalyst and a blowing agent for
this purpose are added to the dispersion.

The isocyanate may be the same as or different from
the isocyanate used to produce the polymer-modified
polyol dispersion. Non-limiting examples of suitable
such isocyanates have been provided hereinabove. Pref-
erably the isocyanate is selected from the group com-
prising 2,4-toluene diisocyanate, 2,6-toluene diisocya-
nate and mixtures thereof. The most preferred i1socya-
nate is a mixture comprising from about 75 to about 85
percent by weight 2,4-toluene diisocyanate and from
about 15 to about 25 percent by weight 2,6-toluene
diisocyanate.

Suitable catalysts are known, and the choice and
concentration thereof is within the purview of a person
skilled in the art. See for example U.S. Pat. Nos.
4,296,213 and 4,518,778, the contents of each of which is
incorporated herein by reference. Non-limiting exam-
ples of suitable catalysts include tertiary amines and
organic tin compounds. Of course it will be understood
by those skilled in the art that a combination of two or
more catalysts may be suitably used.

Suitable blowing agents are known and the choice
thereof is within the purview of a person skilled in the
art. It is conventional, and preferred, to use water as a
blowing agent in producing polyurethane foams. As 1s
known, water reacts with the polyisocyanate forming
carbon dioxide which acts as the effective blowing
agent in the final foam product. Optionally, organic
blowing agents may be used in conjunction with water
although the use of such blowing agents is generally
being curtailed for environmental considerations. Non-
limiting examples of suitable organic blowing agents
include HCFC’s such as Freon 134a, Freon 142b and
the like. |

It will be appreciated that the polyol carrier for the
dispersion will be a reactant in the production of the HR
polyurethane foam. However, it is within the scope of
the invention to add a further polyol to the dispersion
prior to production of the HR polyurethane foam.

In producing the HR polyurethane foam any of the
one shot, prepolymer or quasi-prepolymer conventional
in the art may be used. The preferred mode of produc-
ing the HR polyurethane foam is one shot.

The manner of mixing the components for producing
the HR polyurethane foam is not particularly restricted.
Conventional mixing techniques may be employed.
Generally, for the production of molded products, 1t 1s
preferred to utilize a two-stream mixing technique with
one stream comprising the polyisocyanate or prepoly-
mer and the other stream comprising remaining compo-
nents of the reaction mixture. |

Embodiments of the present invention will now be
described with reference to the following Examples
which are provided for illustrative purposes only and
should not be used to limit the scope of the invention. In
the Examples, reactants were used on the basis of parts
by weight, unless otherwise stated.

FIG. 1 illustrates a schematic of an embodiment of
the process of invention used in various Examples. This
particular embodiment relates to in-line blending of the
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‘reactants. As shown, a polyol blend tank 10 is provided
and contains a blend of the polyol, the first olamine and,
optionally, the catalyst. An isocyanate tank 20 1s also
provided and contains the isocyanate. A pump 30 1s
provided for delivering a portion of the polyol blend
from tank 10 to a first mix head 50. Similarly, a pump 40
is provided for delivering a portion of isocyanate from
tank 20 to first mix head 50. As is known in the art, the
provision of a mix head allows for control of volumetric

(and thus stoichiometric) control of a multi-line input of 10

reactants. First mix head 50 is in communication with a
primary mixer 60 which serves to mix (optionally with
agitation) the polyol blend and isocyanate to provide a

10

EXAMPLE 2 (COMPARATIVE)

This Example will illustrate the criticality of adding
the second olamine. Specifically, in this Example, the
procedure of Example 1 was repeated except the second
olamine was not used. The amount of each reactant
used may be found in Table 3.

Upon mixing the polyol blend (comprising the first
olamine) and the isocyanate, a fast reaction took place
and the product mixture exiting primary mixer 60 gelled
within one minute. Accordingly, the viscosity of this
product was unmeasureable (see Table 3).

A TABLE 3
homogeneous reaction mixture.
The reaction mixture exits primary mixer 60 and is 15 — COMPOTENIS Example | Example 2
fed to a second mix head 90. Second mix head 90 also Polyol Blend:
receives input of the second olamine via a pump 80 Polyether Polyol A 100.0 100.0
connected (directly or indirectly) to an olamine tank 70. 'lr:h?bg?]-tin Dilaurate : 3‘323 13'323
Second mix head 90 is in communication with a second- Imx:me: | '
ary mixer 100 which serves to mix (optionally with 20 Isocyanate A 5.3 28.4
agitation) the reaction mixture exiting primary mixer 60 Second Olamine:
and the second olamine. The output of secondary mixer DEOA-LF 4.3 0
100 is fed, via a reaction tube 110, to a collection tank Product:
120 which receives the PIPA dispersion product. % Solids 30.0 —
In the Examples, reference will be made to various 25 ;;?Cgmy (mPa s @ 7200 GEL
. L )
polyether polyols and isocyanates. The characteristics
of these polyether polyols and isocyanates may be
found in Tables 1 and 2, respectively. EXAMPLES 3-12
EXAMPLE 1 30 In these Examples, the effects of varying amount of
In this Example the polyol blend in tank 10 com- second olamine added are iillustl_'ated. ‘The same appara-
prised a blend of Polyether Polyo! A, 99% pure trietha- tus and methodology described in Example 1 were used
nolamine (TEOA, the first olamine) and dibutyltin di- in these Examples. Table 4 provides the composition of
laurate. The polyol blend was then heated under con- the polyol blend, the amounts of isqcyanate and second
stant agitation to 55° C. and mix head 50 was cahibrated 35 olal}ﬂne used together ‘_With t_he solids content and vis-
to provide the stoichiometric amounts of the polyol cosity f{f the product dispersion. _
blend and isocyanate indicated in Table 3. Five (5) sec- As will be apparent, a second 0131:1'11113 was not use.d n
onds after leaving primary mixer 60, the reaction mix- Examples 3 and 11 which are provided for comparison
ture was fed to second mix head 90 where it was homo- purposes only and are outside the scope of the present
geneously mixed with 99% pure diethanolamine low 40 invention. The results from Example 2 have also been
freeze grade (DEOA-LF, the second olamine). A fast provided in Table 4 for comparative purposes. The
exothermic reaction took place resulting in an increase  results provided in Table 4 are presented graphically in
in the temperature of the blend to 105° C. and a stable FIG. 2. _ .
dispersion was produced having the properties shown The relative effects of second olamine addition are
in Table 3. 45 clearly observed and the production of low viscosity
TABLE 1
HYDROXYL % ETHYLENE
NUMBER FUNCTIONALITY OXIDE % PRIMARY
POLYOL (mg KOH/g sample) ) (TIPPED) HYDROXYL
Polyether Polyol A 34 2.4 17.5 82
Polyether Polyol B 34 2.8 19.0 82
Polyether Polyol D 34 2.5 14.0 77
Polyether Polyol E 28 3.4 16.0 80
Polyether Polyol F 28 2.2 17.0 80
material 1s demonstrated.
EXAMPLES 13-14
IABLE? 60 These Examples provide a timed study on the stabil-
E?AN ATE  TYPE f FI.qRéEg APPEARANCE ity of a prior art PTP_A dispersion (Example 13) and a
— PIPA dispersion within the scope of the present inven-
gofgifthg Ef;g:;?;emane 27 313 Dark brown tion (Example 14). A direct indication of stability is
diisocyanate usually provided by measuring the change over time of
Isocyanate B 80/20 Blend of 2.0 483  Clear colorless 65 the viscosity of the dispersion.
(Lupranate  2,4-/2,6-tolulene Table 5 provides an indication of the composition of
T-80) ditsocyanate

the polyol blend, the amounts of polyol blend (the first
olamine used was TEQA), isocyanate and second ola-
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mine (DEO{A) (if used), together with the solids content TABLE 6-continued
of the resulting product. _
As 1s apparent from Table 5, the second olamine was ______ELIEPJC?_.____IB____
not used in Example 13 and thus, this Example is pro-  2mponent = 1o :
vided for comparative purposes only and is outside the 5 _II’_'JE%TCI Polyol A 102-35 102-25 102-‘235 102-25
scope of the present invention. After the polyol blend ) o) iy Ditaurae 0025 0025 0025 0025
and stocyapatc were contacted and mixed, a white sus- Isocyanate A 16.0 16.0 16.0 16.8
pension, dilatent in nature, was formed at ~ 13 seconds Second Olamine:
and the viscosity was monitored over time, as shown in DEOA 0 0.85 0 0
FIG. 3. The viscosity increased over a period of min- 10 Glycerol 0 0 0.3 gs
utes, as is clear from these observations, indicating that x&i?: 0 0 0 '
the product is not stable in this form. | Viscosity (mPa - s @ 7500 $000 5030 4700
In Example 14, the addition of the second olamine at 25° C.)
~13 seconc!s xmmedlat_cly resqltcd in the (orqlatlon ofa o hviGiethanolamine
smooth white suspension which had a significant de- 15
crease in viscosity (i.e. compared to dispersion pro-
duced in Example 13). As shown in FIG. 3, the viscos- EXAMPLES 19-21
ity of the dispersion formed in Example 14 was These Examples illustrate the use of various polyols
TABLE 4
- Exople¥ O O
Components 3 4 5 6 7 2 8 -9 10 11 12
Polyether Polyol A 100 100 100 100 100 100 100 100 100 100 100
TEOA 115 1.5 115 115 115 147 147 147 147 228 22.8
Dibutyl-tin 2.7 2.7 2.7 2.7 2.7 2.8 2.8 2.8 2.8 3.3 3.3
Dilaurate (X 10—%) |
Isocyanate A 22.1 22.1 22.1 22.1 22.1 28.4 28.4 284 28.4 44.2 44.2
DEOA-LF 0 1.3 2.7 40 53 0 2.8 4.3 5.7 0 13.3
% DEOA-LF 0 1 2 3 4 0 2 3 4 0 8
% Solids 2351 235.7 26.4 27.1 27.8 — 31.6 32.2 329 — 44.1

Viscosity, X 10—3 52.1 11.2 7.1 6.3 s9 GEL 194 154 131 GEL 371
(mPa-s @ 25° C.)

such that it was relatively unchanged from 30 seconds

onward evidencing the stability of the dispersion. in practicing the invention. The apparatus and method-

TABLE § 35 Ology employed in Example 1 were used, in these Ex-

Components Example 13 Example 14 amples. gable 7 provid;:s th]e: composition of the polyol

blend, the amounts of polyol blend, isocyanate and

.’r"ééih” Polyol F lﬁjg ‘ﬁjg second olamine (in these Examples: DEOA-LF) used

Isocyanate B 54.1 54.1 together with the solids content and viscosity of the

DEOA 0 100 4o Product dispersion. The polyol blend used in these Ex-

Z: ?OEHSSA 5?.2 si.. s amples comprised: a polyol, TEOA as the first olamine
Viscosity (mPa - s @ 120.5 22.0 and a catalyst.

25° C.), X 1073 The differences in the viscosity of the product disper-

sion is directly related to the percent primary hydroxyl
45 1n the polyol used in the polyol blend. This observation
EXAMPLES 15-18 supports the conclusion that, in the present invention,
the polyol still has a small role in the reaction which

These Examples illustrate the ability to use the pres- . : pee s . :
P Y P results in enhanced particle stability in the dispersion.

ent process to produce a relatively low solids content

dispersion. Further, the ability to use various second TABLE 7
olamines is exemplified. 50 Example
In these Examples, the apparatus and methodology Component 19 20 21

described in the batch process of Example 13 was re-

- - - Polyol Blend:
peated with the exception that the second olamine was =

Polyether Polyol A 100.0 0 0
added after 5 seconds. Polyether Polyol D 0 100.0 0
The composition of the polyol blend, the amounts of 55 Polyether Polyo! B 0 0 100.0
polyol blend and second olamine, together with the TEOA 13.1 15.4 15.4
viscosity of the dispersion produced are provided in Dibutyl-tin Dilaurate 029 029 025
. . . Isocyanate A 25.4 25.4 25.4
Table 6. In each case, the dispersion had a solids content Second Olamine:
of 20%. | o DEOA-LF 425 425 425
The results in Table 6 clearly indicate that the present 60 Product:
process may be used to produce a low solids content % Solids 30.0 30.0 30.0
dispersion and that various second olamines may be Viscosity (mPa-s @ 7200 6300 8200
used. 2> ¢
TABLE 6 .
Example EXAMPLES 22-23
Component 15 16 17 18

These Examples demonstrate the criticality of second
Polyol Biend: olamine addition in the process of the invention. The
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apparatus and methodology described in Example 13
was repeated.

The composition of the polyol blend, the amount of
polyol blend and isocyanate, together with the proper-
ties of the dispersion product are provided in Table 8.

As is evident from the results in Table 8, the present
process may be used to provide a relatively low solids
content dispersion having a manageable viscosity com-
pared to the case where the second olamine is not added

pursuant to the present process.
TABLE 8

Component Example 22 Example 23
Polyether Polyol E 100.0 100.0
TEOA 8.25 8.25
Dibutyl-tin Dilaurate 0.025 0.025
Isocyanate A 16.0 16.0
DEOA-LF 0 2.0
% Solids 19.0 20.5
Viscosity (mPa - s @ 76000 9100
25° C) -

EXAMPLES 24-25

In these Examples, PIPA dispersions were used to

produce HR polyurethane foams.

 In Example 24, the dispersion made in Example 1 was
used. In Example 25, use was made of a conventional
PIPA dispersion commercially available from Wood-
bridge Foam Corporation under the tradename RB 221.

Table 9 provides a composition of the PIPA blend
and isocyanate used to produce the HR polyurethane
foam. The PIPA blend and the isocyanate were mixed
at an isocyanate index of 100 using a conventional two-
stream mixing technique.

The physical properties of the foams produced were
determined and are reported in Table 10. As will be
seen, the PIPA dispersion of the invention (Example 24)
provides a foam having similar properties to that pro-
duced using a conventional PTPA dispersion. The ad-
vantage in using the PIPA dispersion of the present
invention is that when it is diluted to a solids content

10

15

20

23

30

35

commersurate with that of conventional PIPA disper-

sions, a lower viscosity is achieved. Specifically, the RB
221 PIPA dispersion used in Example 25 has a solids
content of 20%. In Example 25, this dispersion was

diluted to a solids content of 12% relative to the polyol
A diluant (only).
The polyol dispersion used in Example 24 (1.e. that

45

obtained from Example 1 above) had a solids content of 30

30% and was also diluted to a solids content of 12%
based on the polyol A diluant (only). The key distinc-
tion is the diluted PIPA dispersion in Example 24 had a
viscosity significantly less than that of the diluted con-
ventional PIPA dispersion in Example 25 (2650 mPa.s
versus 3500 mPa.s respectively).

TABLE ©

| Example 24 Example 25
PIPA Blend:
Polyether Polyol A 60.00 40.00
PIPA Polyol 40.00 60.00
H>0 4.00 4,00
DEOA-LF 0.60 1.70
DABCOQO 33LV 1.50 1.50
NIAX Al 0.08 0.08
DC 5043 1.00 1.00
Isocyanate:
Isocyanate B 52.2 52.0

33

65

14
TABLE 9-continued
Example 24 Example 25
Isocyanate Index 100 100

DEOQA-LF (stabilizer): A blend of 85% by weight of
pure DEOA and 15% by weight of H20 available
from Union Carbide Corporation

DABCO 33LV (catalyst): A 33% by weight solution of
triethylene diamine in 67% by weight of dipropylene
glycol available from Air Products and Chemicals
Inc.

Niax Al (catalyst): A 70% by weight blend of bis (di-
methylaminoethyl) ether in 30% dipropylene glycol
available from Union Carbide Corporation

Dabco DC5043: A polysiloxane-polyalkylene oxide
block surfactant available from Air Products and
Chemicals Inc. |

TABLE 10
Physical Properties Example 24 Example 25
Core Density, kg/m> 29 30
Tensile Strength, kPa 155 160
Elongation, % 150 150
Tear Strength, N/m 245 255
Compression Set, % 11 14
Compression Set 23 24

After Humid Ageing
(6 hours at 105° C.)

What is claimed is:

1. A polymer-modified polyol dispersion comprising
a polyaddition product dispersed in a polyol, the poly-
addition product being present in an amount of from
about 25 to about 70 percent by weight based on the
total weight of the polyaddition product and the polyol,
the dispersion having a viscosity in the range of from
about 4,000 to about 50,000 mPa.s, the viscosity remain-
ing substantially the same after production of the
polymer-modified polyol dispersion.

2. The polymer-modified polyol dispersion defined in
claim 1, wherein the viscosity varies by less than about
10% after production of the polymer-modified polyol
dispersion.

3. The polymer-modified polyol dispersion defined in
claim 1, wherein the viscosity varies by less than about
5% after production of the polymer-modified polyol
dispersion.

4. The polymer modified polyol dispersion defined in
claim 3, wherein the polyaddition product is present in
an amount of from about 30 to about 40 percent by
weight based on the total weight of the polyaddition
product and the dispersion has a viscosity in the range
of from about 7000 to about 40,000 mPa.s.

5. The polymer-modified polyol dispersion defined in
claim 1, wherein the polyaddition product is the reac-
tion product of an isocyanate and an olaminc.

6. The polymer-modified polyol dispersion defined in
claim 5, wherein the isocyanate is selected from the
group consisting essentially of 1,6-hexamethylene duiso-
cyanate, 1,4-butylene diisocyanate, furfurylidene duso-
cyanate, 2,4-toluene diisocyanate, 2,6-toluene dusocya-
nate, 2,4'-diphenylmethane  diisocyanate, 4,4'-
diphenylmethane diisocyanate, 4,4'-diphenylpropane
diisocyanate, 4,4’-diphenyl-3,3'-dimethyl methane duiso-
cyanate, 1,5-naphthalene diuisocyanate, 1-methyl-2,4-
diisocyanate-5-chlorobenzene, 2,4-diisocyanato-s-tria-
zine, 1-methyl-2,4-diisocyanato cyclohexane, p-pheny-
lene diisocyanate, m-phenylene diisocyanate, 1,4-naph-
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thalene diisocyanate, dianisidine diisocyanate, bitoly-

lene diisocyanate, 1,4-xylylene diisocyanate, 1,3-xyly-
lene diisocyanate, bis-(4-isocyanatophenyl)methane,
bis-(3-methyl-4-isocyanatophenyl)methane, polymeth-
ylene polyphenyl polyisocyanates and mixtures thereof.
7. The polymer-modified polyol dispersion defined in
claim 5, wherein the isocyanate is selected from the
group consisting essentially of 2,4-toluene diisocyanate,
2,6-toluene diisocyanate and mixtures thereof.

8. The polymer-modified polyol dispersion defined in
claim §, wherein the isocyanate is a mixture comprising
from 75 to about 85 percent by weight 2,4-toluene diiso-
cyanate and from about 15 to about 25 percent by
weight 2,6-toluene diisocyanate. .

9. The polymer-modified polyol dispersion defined in
claim 5, wherein the isocyanate is selected from the
group consisting essentially of 2,4’-diphenylmethane
diisocyanate, 4,4'-diphenylmethane diisocyanate and
mixtures thereof.

10. The polymer-modified polyol dispersion defined
in claim §, wherein the isocyanate is a mixture compris-
ing from about 15 to about 25 percent by weight 2,4'-
diphenylmethane diisocyanate and from about 75 to
about 85 percent by weight 4,4'-diphenylmethane diso-
cyanate.

11. The polymer-modified polyol dispersion defined
in claim §, wherein the olamine is selected from the
group consisting essentially of primary, secondary and
tertiary alkanolamines. |

12. The polymer-modified polyol dispersion defined
in claim 6, wherein the alkanolamine is selected from
the group consisting essentially of monoethanolamine,
diethanolamine, dimethylethanolamine, triethanol-
amine, N-methylethanolamine, N-ethylethanolamine,
N-butylethanolamine, N-methyldiethanolamine, N-
ethyldiethanolamine, N-butyldiethanolamine, monoiso-
propanolamine, diisopropanolamine, trusopropanol-
amine, N-methylisopropanolamine, N-ethyliso-
propanolamine, N-propylisopropanolamine and mix-
tures thereof.

13. The polymer-modified polyol dispersion defined
in claim 8, wherein the alkanolamine is selected from
the group consisting essentially of diethanolamine and
triethanolamine. |

14. The polymer-modified polyol dispersion defined
in claim 10, wherein the alkanolamine is selected from
the group consisting essentially of diethanolamine and
triethanolamine. |

15. The polymer-modified polyol dispersion defined
in claim 8, wherein the poiyol is a polyether polyol.

16. The polymer-modified polyol dispersion defined
in claim 15, wherein the polyether polyol has a molecu-
lar weight in the range of from about 200 to about
10,000.

17. The polymer-modified polyol dispersion defined
in claim 15, wherein the polyether polyol has a molecu-
lar weight in the range of from about 2,000 to about
7,000.

18. The polymer-modified polyol dispersion defined
in claim 15, wherein the polyether polyol has a molecu-
lar weight in the range of from about 2,000 to about
6,000.

19. The polymer-modified polyol dispersion defined
in claim 5, wherein the polyol is selected from the group
comprising adipic acid-ethylene glycol polyester, poly(-
butylene glycol), poly(propylene glycol) and hydroxyi-
terminated polybutadiene.
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20. A process for producing a polymer-modified
polyol dispersion comprising the steps of:
(i) reacting an isocyanate and a first olamine in the
presence of a substantially inert polyol to produce
a reaction mixture; and

(ii) adding a second olamine which may be the same
as or different from the first olamine to the reaction
mixture prior to completion of the reaction be-
tween the isocyanate and the first olamine to pro-
duce the polymer-modified polyol dispersion.

21. The process defined in claim 20, wherein Step (11)
is conducted during the period of from about 1 to about
90 seconds after production of the reaction mixture in
Step (1). |

22. The process defined in claim 20, wherein Step (i1)
is conducted during the period of from about 1 to about
45 seconds after production of the reaction mixture in
Step (1).

23. The process defined in claim 20, wherein Step (11)
is conducted during the period of from about 3 to about
15 seconds after production of the reaction mixture in
Step (1).

24. The process defined in claim 20, wherein the
isocyanate is selected from the group consisting essen-
tially of 1,6-hexamethylene diisocyanate, 1,4-butyiene
diisocyanate, furfurylidene diisocyanate, 2,4-toluene
diisocyanate, 2,6-toluene diisocyanate, 2,4'-diphenylme-
thane diisocyanate, 4,4'-diphenylmethane dusocyanate,
4,4'-diphenylpropane diisocyanate, 4,4'-diphenyl-3,3'-
dimethyl methane diisocyanate, 1,5-naphthalene diiso-
cyanate, l-methyl-2,4-diisocyanate-5-chlorobenzene,
2.4-diisocyanato-s-triazine, 1-methyl-2,4-dusocyanato
cyclohexane, p-phenylene diisocyanate, m-phenylene
diisocyanate, 1,4-naphthalene diisocyanate, dianisidine
diisocyanate, bitolylene diisocyanate, 1,4-xylylene di-
isocyanate, 1,3-xylylene diisocyanate, bis-(4-isocyanato-
phenyl)methane, bis-(3-methyl-4-isocyanatophenyl)me-
thane, polymethylene polyphenyl polyisocyanates and
mixtures thereof.

25. The process defined in claim 22, wherein the
isocyanate is selected from the group consisting essen-
tially of 2,4-toluene diisocyanate, 2,6-toluene diisocya-
nate and mixtures thereof.

26. The process defined in claim 23, wherein the
isocyanate is a mixture comprising from about 75 to
about 85 percent by weight 2,4-toluene diisocyanate
and from about 15 to about 25 percent by weight 2,6-
toluene diisocyanate.

27. The process defined in claim 22, wherein the
isocyanate is selected from the group consisting essen-
tially of 2,4'-diphenylmethane diisocyanate, 4,4'-
diphenylmethane diisocyanate and mixtues thereof.

28. The process defined in claim 23, wherein the
isocyanate is a mixture comprising from about 15 to
about 25 percent by weight 2,4'-diphenylmethane diiso-
cyanate and from about 75 to about 85 percent by

weight 4,4'-diphenylmethane dusocyanate.

29. The process defined in claim 20, wherein the
olamine is selected from the group consisting essentially
of primary, secondary and tertiary alkanolamines, and
mixtures thereof.

30. The process defined in claim 22, wherein the
alkanolamine is selected from the group consisting es-
sentially of monoethanolamine, diethanolamine, dime-
thylethanolamine, triethanolamine, N-methylethanola-
mine, N-ethylethanolamine, N-butylethanolamine, N-
methyldiethanolamine, N-ethyldiethanolamine, N-
butyldiethanolamine, monoisopropanolamine, diisopro-
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panolamine, triisopropanolamine, N-methyliso-
propanolamine, N-ethylisopropanolamine, N-propyliso-
propanolamine and mixtures thereof.

31. The process defined in claim 23, wherein the
alkanolamine is selected from the group consisting es-
sentially of diethanolamine, triethanolamine and mix-
tures thereof.

32. The process defined in claim 20, wherein the
polyol is a polyether polyol.

33. The process defined in claim 32, wherein the
polyether polyol has a molecular weight in the range of
from about 200 to about 10,000.

34. The process defined in claim 32, wherein the
polyether polyol has a molecular weight in the range of
from about 2,000 to about 7,000.

35. The process defined in claim 32, wherein the
polyether polyol has a molecular weight in the range of
from about 2,000 to about 6,000.

36. The process defined in claim 20, wherein the
polyol is selected from the group comprising adipic acid
ethylene glycol polyester, poly(butylene glycol), poly(-
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propylene glycol) and hydroxyl-terminated polybutadi-

ene.

37. The process defined in claim 20, wherein Step (1)
is conducted in the presence of a catalyst.

38. The process defined in claim 37, wherein the
catalyst is selected from the group consisting essentially
of stannous octoate, dibutyl-tin dilaurate, triethylenedi-
amine and mixtures thereof.

39. A process for producing a polyurethane COmpris-
ing the step of reacting a polymer-modified polyol dis-
persion, a catalyst and an 1socyanate;

wherein the polymer-modified polyol dlSpersmn

comprises a polyaddition product dispersed in a
polyol, the polyaddition product being present in
an amount of from about 25 to about 70 percent by
weight based on the total weight of the polyaddi-
tion product and the polyol, the dispersion having
a viscosity in the range of from about 4,000 to
about 50,000 mPa.s, the viscosity remaining sub-
stantially the same after production of the polymer-
modified polyol dispersion.

* %x * %X %
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